ABSTRACT Barrier coverage is one of the research hot spots of wireless sensor network coverage control. In order to fix the defects and deficiencies of the network, which is composed of all isomorphic nodes in the barrier coverage, Voronoi diagram is introduced to divide the entire deployment area. According to the principle of the least square method, a mixed network deployment mechanism consisting of static nodes and dynamic nodes is established with static nodes working as the reference barrier line. By monitoring whether there is a barrier covering the blind spot in the deployed area, the monitoring area can be effectively covered by determining whether dynamic nodes need limited movement to redeploy the monitored area. And puts forward mixed node barrier covered in this algorithm, algorithm Voronoi diagram was used for continuous path problem domain discretization, and from different dimensions to compare coverage performance of each algorithm, the simulation experiments show that the algorithm improves the quality of monitoring area coverage, under the same conditions as other algorithms, a mobile node distance and low energy consumption, less expected to cover requirements and goals are met.
I. INTRODUCTION
Wireless Sensor Networks (WSN) is one of the top ten hot topics in current research, and it is also one of the core technologies in the field of IoT technology. WSN is a selforganizing network formed by wireless communication with a large number of micro-sensor nodes [1] . The purpose of establishing WSN is to collect, process, and transmit data in the coverage area. A wireless sensor network is widely used and its resource can be optimized by covering control. Coverage control is a fundamental problem in wireless sensor network, and coverage is one of the QoS indicators to evaluate the network [2] . At present, wireless sensor network coverage can be divided into point coverage (algorithm), barrier coverage (algorithm) and area coverage (algorithm) according to the specific application and coverage object. According to the distribution of sensor nodes, they can be divided into
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Barrier coverage studies how to ensure that wireless sensor networks deployed in an area can detect moving targets across the surveillance area [6] . The barrier coverage can be divided into two problems, ''exposure crossing'' and ''worst and best case covering,'' according to the model used by the target to traverse the coverage area of sensor network. Barrier coverage is more suitable for monitoring application scenarios of moving targets, and it does not require regional coverage and many nodes, such as illegal border crosser detection at national defense borders, enemy invasion detection in the military battlefield, species migration monitoring in environmental protection, and forest fire monitoring [7] .
Excellent barrier covering algorithm can greatly increase the number of fences built and improve the recognition rate of sensor nodes. Reference [8] proposed to divide the deployed areas into several sub-areas and build a fence in the subareas. Reference [9] transformed the WSN fence topology into the maximum flow problem and calculated the maximum number of fences formed by the deployed sensor network. Reference [10] studied a fence-dividing construction method based on sensor node probability perception model, and added redundant nodes to extend network life. Chen yigang et al. studied an algorithm for building fences of mobile nodes, which used CBMS algorithm to solve the sum of the minimum moving distance of optimal mobile nodes, to achieve the purpose of energy-saving [5] , [11] . Liu Shuai et al. proposed a centralized redeployment algorithm MCBarrier for 1 fence coverage. By dividing the deployment area into several subareas, they covered each sub-area and designed k barrier coverage algorithm kMCBarrier [12] . Kumar et al. first proposed the concept of strong k-barrier and weak k-barrier, and judged the condition that the deployment area could be covered by strong k-barrier [13] . Anwar Saipulla et al. studied the maximum number of fences constructed in sensor networks using the maximum flow algorithm [14] . Mostafaei H et al. studied a distributed self-learning algorithm which can build fences prolongs the survival time of the network [15] . Yang G et al. studied a heuristic construction algorithm of weak fences, which adopted data fusion technology to greatly extend the survival time of sensor networks [16] , [17] . Liu B et al. proposed a distributed algorithm for sensor nodes satisfying distribution to construct multiple disjoint strong fences, which completed the construction of fences by information interaction between sensor nodes [6] , [18] - [20] .
Previous research analysis shows that the majority of the covering mechanism for all network composed of static nodes or all made up of dynamic node network, sensor network composed of all the static node may exist in the fence to cover empty and cannot be monitored through the path, and all the static nodes in sensor network algorithm complexity is larger, high energy consumption, the network cost is higher, the feasibility is not enough, difficult to promote in the actual application [21] - [23] . To solve the above problems, the Voronoi diagram is introduced to divide the entire deployment area, and a hybrid network deployment mechanism consisting of static nodes and dynamic nodes is established. Effective coverage of the fence deployment area is achieved and the coverage quality of the monitoring area is improved.
II. NETWORK MODEL AND DEFINITION
It is assumed that N wireless sensor node sets S with a perceived radius of R s are randomly deployed in a twodimensional and narrow strip area. The node position is fixed. The set of sensor nodes is S i ∈ S, namely, S = {S 1 , S 2 , · · · , S n }. Probabilistic sensing area whose sensing center S i is formed, the nodes are deployed and Voronoi diagram is formed, as shown in Figure 1 .
Definition 1 Voronoi diagram: a continuous given a finite point set P = {p 1 
It is all the sensing nodes scattered in the marked area, Definition 2 Voronoi cover point set: given any target point V, in the Voronoi diagram composed of the node set and V in the target region, the Voronoi neighbor node set of V honeycomb is S v = {S v1 , S v2 , · · · S vm }. So the node set S v is the Voronoi covering the point set of the target point V.
Definition 3 Coverage rate Cov: refers to the ratio of the effective coverage area in the monitoring area to the area of the monitoring area. The effective coverage area refers to the area that can be covered by sensor nodes
Definition 4 the second Voronoi diagram: the Voronoi diagram generated by the Voronoi neighbor node set of the given target point V is known as the second Voronoi diagram of the target point V.
Suppose the nodes have the following properties: 1) All sensor nodes are isomorphic. That is, the perceived radius, communication radius and initial energy of the node are the same 2) Dynamic nodes have a limited mobility. In this paper, these nodes can only appear once, and each node has a moving mark id. At the beginning,id = 0, and after moving id is 1, and then the node can't be moved again.
3) Sensing coverage area of the nodes is A = πRs 2 , and their communication range is C = π Rc 2 .
4) The deployed sensor nodes meet the network connectivity requirements of R c ≥ 2 × R s .
III. HYBRID NODE BARRIER COVERAGE ALGORITHM UNDER VORONOI
In general, sensor nodes are randomly deployed in the monitoring area. However, due to unreasonable distribution of the nodes, or failure of the nodes due to physical failure or energy exhaustion, the sensor nodes cannot effectively cover the monitoring area which will result in coverage blindness.
A. PROBLEM DESCRIPTION
Most coverage mechanisms are for networks made up entirely of static nodes or entirely of dynamic nodes. For the former, the network coverage area composed of randomly deployed static nodes is fixed, and there may be gaps in fence coverage or crossing paths that cannot be monitored, but cannot be repaired. Or to ensure the formation of an effective fence, improve coverage, increase the deployment density of nodes, and scatter too many nodes, resulting in node redundancy and waste. For the latter, although the crossing path can be monitored, it needs to move the nodes for several times or carry out multi-step approximate calculation to build the fence, which has poor concealment of the nodes, high algorithm complexity, high energy consumption, high network cost, low feasibility and is not easy to be popularized in practical applications. In view of this, compromising coverage and energy consumption problems, this paper introduced the static and dynamic node is a mixture of nodes, Voronoi diagram divided the whole monitoring area, according to the principle of least squares, benchmark will be subject to static nodes to build fences with, puts forward a hybrid network node deployment mechanism, realize the effective barrier coverage, increase the coverage, and reduce the energy consumption.
B. REFERENCE BARRIER LINE CONSTRUCTION
In the actual environment, the zonal area cannot be a straight line, and each small section of the fence area is approximated as a straight line. In order to solve the problem of covering blind area and node failure, we use the principle of least square method to find the position of the reference fence line, as shown in 
The value of a, b is substituted into the fitted equation y = ax + b. We can get the reference barrier line. There is a close relationship between the number of reference barrier lines and k-barrier coverage. According to the actual needs, strong k-barrier coverage or weak k-barrier coverage is realized through constructing a reasonable reference barrier line, and the specific realization process will not be studied in this paper. 
C. COVERAGE HOLE MONITORING
In the target area, through comparing the maximum distance between various sensor nodes and their vertex of Voronoi polygon d (S, V ) with nodes' sensing radius R s , we can judge whether there is a coverage hold.
Voronoi polygon is a data structure in computational geometry, which has been widely used in the research of wireless sensor network coverage, and it can intuitively present the advantages and disadvantages of coverage by decomposing the perceptual area into several Voronoi polygons. For each sensor node, it can establish a corresponding Voronoi polygon by Voronoi neighbor rule. The interior point of the polygon is the sensor node itself. If the sensor's range of perception cannot cover the corresponding Voronoi polygon, and no sensor with a larger range of perception can cover the inner point itself, then this situation indicates that there is a void in Voronoi polygon.
It can be known from the network model that each node can obtain the location information of itself and the neighboring node in Voronoi diagram and the perception of the node. There are three possible scenarios for the range and Voronoi polygons responsible Situation:
1) The range of perception may be one side of the Voronoi polygon or two points of intersection, as shown in Fig. 3(1) .
2) The range of perception may completely encompass Voronoi The edge shape, otherwise, may be completely encapsulated by Voronoi polygons, as shown in Fig. 3(2) .
3) Due to random deployment, the perceived range of nodes may be heavy Fold, as shown in Fig. 3(3 
D. NODE MOBILE DEPLOYMENT
After the sensor nodes were randomly scattered, voids were detected near the baseline barrier line. If voids were detected, voids were repaired through node movement. In order to reduce the energy loss of nodes and extend the network life cycle, the nodes involved in the repair should reduce the movement times and distance as much as possible in moving process.
The sensor node has the problem of limited energy. So in wireless sensor network deployment, energy consumption must be reduced as much as possible and the network's life cycle must be prolonged. Therefore, the moving direction and moving distance must be clear. The moving distance can be minimized and the energy consumption can be reduced.
In this paper, the moving direction of nodes is determined through moving dynamic nodes towards the empty hold area nearby the reference barrier line, so as to reduce the area of hole, as shown in Fig. 4 . S 1 A and S 3 C are node sensing radius R S , and S 1 and S 3 are dynamic nodes nearby the reference barrier line, and S 2 is a dynamic node, which is used to move the repaired hole. Then − → S 2 A and − − → S 2 C which are the tangent line of S 1 and S 3 are made, and we have
It can be seen from Fig. 5 that, when the covering hole appears, it can be repaired through the mobile node, and the maximum distance of its node movement is 1 2| − → S 2 B|.Then the calculation method of | − → S 2 B| is as follows:
In the above equation, AS 2 S 1 , S 1 S 2 S 3 and CS 2 S 3 can be solved, as shown in Fig. 5(a) , and included angle From Fig. 6 , it can be known that, when repairing coverage hole, the largest node moving distance is | − → S 2 B|. B and S 4 overlap, and the solution is as follows:
Formula (3) shows that, AS 2 S 1 , S 1 S 2 S 3 and CS 2 S 3 can be solved. Included angle AS 2 
In particular, when vector angle AS 2 C = 180 • ,cos AS 2 C gets a minimum value (-1), as shown in Fig. 7 . The direction of specified vector − → S 2 B is the vertical line which goes through VOLUME 7, 2019 point S 2 and points at the reference barrier line, and its size is sensing radius Rs. Dynamic node moves along the direction of − → S 2 B, when it senses that it cannot only cover the area on the left side of hole, but also cover the area on the right side of hole, the dynamic node stops moving. The sign of the node id is modified into 1, and then nearby hole area is judged. Later, the above algorithm is adopted to repair the hole and redeploy the monitoring area, so as to meet the expected coverage requirements.
E. BUILD THE NETWORK FLOW DIAGRAM
This paper uses Flow Graph to describe the characteristics of network. In the flow diagram, the sensor is regarded as each vertex, and the information communication between two sensors is regarded as an edge. That is to say, the distance between two sensors is within the communication range, so the two sensors can form an edge, which can guarantee the connectivity of the network. The capacity of each edge depends on the distance between the two sensors.
So can we come to the abstract model of the object of study, for network flow graph G = (V, E), in each node has a weight, each side has a capacity, our objective is to part selected node in the network makes the nodes of a network of weight minimum and maximum flow of the network is greater than or equal to lambda detection threshold method. Therefore, we know that the minimum weight maximum flow problem is NP hard problem.
Here's the proof: In the network flow graph G =(V,E). There is only one hop node between the source point i and the junction point j, and each node has its weight omega ω i . The boundary capacity between the omega I nodes is c i . Our goal is to find a path in the network to minimize the network's weight and the network's maximum flow is greater than or equal to the detection threshold. If the problem is not NP hard, the complexity of the problem is polynomial time, which can be expressed by equation (4)
This formula is a typical 0-1 integer programming problem, but 0-1 integer programming is NP hard problem, so the problem we studied is also NP hard problem. Therefore, we cannot find an algorithm with polynomial time complexity to solve this problem, so we propose the algorithm used in this paper to find a better solution to this problem. A group of nodes can be found so that the fence coverage network formed has the minimum detection weight, and the maximum flow of the final coverage network is greater than or equal to detection threshold δ.
F. ALGORITHM DESCRIPTION
This section described the implementation process of constructing barrier coverage algorithm in the strip zone L × W with wireless sensor network hybrid nodes under Voronoi. The specific process is as follows:
Step1: Determine the area covered by the target. The barrier area is defined as the band target area.
Step2: Construct the Voronoi diagram. The mixed sensor nodes were deployed in the target monitoring area, and the Voronoi diagram was constructed with each node as the center
Step3: The Sink node sends Voronoi region information of each node to the corresponding node.
Step4: Monitor barrier coverage hole. Based on the hole's monitoring algorithm, it monitors whether there is a coverage hole near the reference barrier line. If there is one, the coverage hole shall be repaired; Otherwise, go to Step7.
Step5: Repair coverage hole. According to the hole repair algorithm, and based on the situation that the vector angle is an acute angle or obtuse angle, different methods are adopted to determine the moving direction and distance when dynamic nodes repair holes.
Step6: Redeploy nodes to construct Voronoi diagram, construct reference barrier line, and judge coverage hole. After completing coverage hole repair, go to Step4, and then monitor coverage hole again. If there is a hole, then Step5 will be performed. Otherwise, leave the algorithm.
Step7: Repeat above Step4 -Step6 until the barrier coverage requirements in target area are met.
When multiple vulnerabilities are detected at the same time, the adjacent physical nodes are combined into virtual nodes through collaboration and information fusion to cooperatively repair multiple vulnerabilities. Virtual nodes are combined with collaboration and information fusion to increase the length of fence projection and improve the performance of fence coverage. In this paper, how to select physical nodes in the network to combine them into virtual nodes is studied, so as to increase the length of fence projection as much as possible and thus reduce the deployment density of nodes in the whole network. In order to face the application of large-scale wireless sensor networks, low communication cost and low computing cost of distributed solutions are urgently needed. A distributed virtual node combination algorithm is proposed to solve the problem of fence information coverage virtual node combination that supports information fusion of multiple nodes.
Step1: It is to form a general framework of alliance based on the merging-splitting rules, but in this framework, the algorithm making the merging or splitting decision is based on the neighbor node information.
Step2: Initial state, independent of the physical sensor nodes of the entire network of a partition C = C 0 1 , . . . , C 0 n , C 0 i represents a sensor node. Step3: Merge stage, each alliance tries to Merge neighbor nodes to form a larger union.
Step4: Split stage, if there is an alliance that meets the Split rule, the alliance will Split.
G. QUALITY ANALYSIS OF BARRIER COVERAGE
According to the addition formula of probability theory, we assume that the coverage rate of isomorphic sensor nodes in the coverage area is P (A), and each sensor node is not independent. When only two sensor nodes are working, the probability is
Similarly, when n isomorphic sensor nodes are working, its probability is
It is known from the above analysis that the coverage rate of sensor nodes is related to the density, sensing radius and coverage area of sensor nodes. The node sensing radius is the main influencing factor.
Assuming that the coverage rate of sensor nodes in the coverage area is p, after completing N times of coverage, the expected calculation of sensor nodes is as follows:
Assuming that X is the times that nodes move, then X may be X ∈ {1, 2, 3, · · · , N }, and when X = k, its distribution density function is:
Through the expectation analysis, it can be seen that there is a close relationship among the number of nodes moving, nodes coverage rate and a number of nodes. And node sensing radius is a determining factor of coverage rate.
H. COMPLEXITY ANALYSIS
In this paper, the algorithm complexity consists of constructing Voronoi diagram with initial deployment nodes, hole monitoring and redeploying nodes, etc. 
1) CONSTRUCT VORONOI DIAGRAM
The calculating process of time complexity of constructing Voronoi diagram with Delaunay triangle network is: x constructing Delaunay triangle network O n 2 ; y calculating the circle center of the triangle's circumcircle O (n); z seeking the triangle which is adjacent to the three sides of the triangle 3O (n); { storing the found Voronoi sides in the list, and drawing Voronoi diagram O (n). The total time complexity is:
2) HOLE MONITORING Calculation and comparison are conducted once it monitors a hole near the reference barrier line. Each monitoring hole could make a calculation and comparison, for a hybrid sensor nodes to calculate distance and compared with node sensing radius size, its time complexity is O (n).
3) REDEPLOY NODES
Constructing Voronoi diagram through redeploying nodes is similar to constructing Voronoi diagram through initializing nodes, and it is a polynomial time complexity O(n 2 ). Therefore, the time complexity of the proposed algorithm is O(n 2 ).
IV. SIMULATION EXPERIMENT AND ANALYSIS
This paper adopts Matlab R2010b environment to simulate the effect of barrier coverage from different dimensions and parameter variation. In this area, wireless sensor networks are deployed in a rectangular region which is experimentally measured as L × W = 1000m × 250m, and all data are averaged after repeating 100 times of independent experiments.
A. FORMATION OF K-BARRIER COVERAGE
In this section, the relation between k value of different algorithms and node movement distance is compared. Fig.8 . is the comparison result of literature [7] , [14] , [16] and the algorithm in this paper on the total distance between k value and node movement. Table 1 is a comparison of the average distance between the K value and the node movement of different algorithms. Experiments show that with the increase of the number of barriers, the total and average moving distance of the four algorithms increases, and the moving distance of the nodes of this algorithm is significantly smaller than that of the other three algorithms.
In order to build the k-barrier coverage that meets the requirements and reduce the distance of node movement, the algorithm uses the least squares method to build the benchmark barrier line to reduce the total and average moving distances. It effectively solves the problem that the network energy consumption is quite large due to the large moving distance of the node. Figure 8 and Table 1 show that the proposed algorithm obviously reduces the moving distance of the node. When 2-barrier and 5-barrier are formed. The total moving distance of the proposed algorithm is respectively 216 meters and 786 meters, and the average distance is 5 meters and 6.1 meters. The total distance that the algorithm in [7] needs to move is 591 meters and 1,023 meters respectively, and the average distance is 7 meters and 8.5 meters. The algorithm in [14] requires to move a total of 385 meters and 794 meters respectively. And the average distance is 6 meters and 8.4 meters; the algorithm of [16] requires to move a total of 396 meters and 947 meters respectively. And the average distance is 5 meters and 5.8 meters.
B. INFLUENCE OF DIFFERENT ALGORITHMS' NODE DENSITY ON COVERAGE PERFORMANCE
As an important parameter of sensor nodes, node radius and node density have profound influence on the formation and performance of barrier coverage. To illustrate radius of node, the node density change on total mobile node distance, node moving average distance, the influence of coverage and network coverage performance such as energy consumption, and through simulation experiments, so we compare and analysis the proposed algorithm and the CBIGB algorithm in Reference [7] , PMNSB algorithm in Reference [14] and the AI-BCA algorithm in Reference [16] , as shown in Fig. 9 (a), 9 (b) , 9 (c) and 9 (d). It can be seen that, with the increase of node density, the proposed algorithm is superior to the other three algorithms. The node moving distance, average moving distance and network energy consumption are significantly lower than the other three algorithms, and the coverage rate is also superior to the other three algorithms.
C. COMPARSION OF DIFFERENT REFERENCE BARRIER CONSTRUCTION
Adopting different reference barrier lines will have different impact on coverage performance, and we compare HNBC algorithm in this paper with BGBS3 algorithm in [7] , PMNSB algorithm in [14] and A1-BCA algorithm in [17] . The effect of k value on the moving distance under different benchmark barriers is shown in table 2 and table 3 , and the influence of node density under different benchmark barriers on the moving distance is shown in Fig.10 and Fig.11 .
It can be seen that the total distance and average distance of the proposed algorithm are the smallest, that is, the performance of the algorithm is better than the other three algorithms.
As the energy of the node is limited, the node needs to consume a lot of energy to make up the void movement. As can be seen from Fig. 10 and Fig. 11 , when the density of the node is fixed, the total moving distance and average moving distance required by other algorithms to form k-barrier are larger than the moving distance of the node of the proposed algorithm.
D. ALGORITHM PERFORMANCE COMPARISON
In order to verify the feasibility of the algorithm and the speed of convergence, the algorithms in literature [19] and [20] were compared to conduct the following experiments. In the first set of experiments, 100 nodes were randomly deployed in the monitoring area, with a sensing radius of 15 meters and an initial density of 4 * 10-3/m 2 . During the experiment, the density of nodes was continuously increased to compare the influence of node density of the three algorithms on coverage performance. In the second set of experiments, the convergence rates of the three algorithms were compared under the same conditions. The comparison relation of performance and convergence speed of the three algorithms is shown in Fig. 12 and Fig. 13 respectively. . 12 shows the relationship between coverage rate and node density when three algorithms are executed. With the increase of node density, the three intelligent algorithms will improve the network coverage. It can be seen that the algorithm proposed in this paper is obviously superior to the algorithm in literature [19] and [20] .In terms of the maximum coverage of different node densities, the algorithm in this paper has no obvious advantages compared with other algorithms in the initial stage. When the node density reaches 7 * 10-3/m 2 , the algorithm in this paper has a great improvement compared with other algorithms. Therefore, the algorithm in this paper is superior to the other two algorithms both in terms of the maximum coverage rate that can be achieved under different node densities and in terms of coverage growth rate. .13 shows the relationship between coverage rate and iteration number when three algorithms are run. In terms of the maximum coverage achieved by the same number of iterations, the algorithm in this paper is obviously superior to the other two algorithms. In terms of coverage growth rate, the algorithm in this paper is close to the peak and converges rapidly after 110 iterations, while the remaining two algorithms are still growing rapidly after 130 iterations. Therefore, the algorithm in this paper can reach the optimal value quickly and the convergence speed is fast, showing good simulation effect in terms of algorithm convergence. In conclusion, the feasibility and convergence speed of this algorithm is better than the other two algorithms.
V. CONCLUSION
After analyzing the coverage problem of network barrier jointly consisting of both static nodes or dynamic nodes, it is found that the network coverage area composed of static nodes is fixed, while the network made up of dynamic nodes has insufficient feasibility, larger complexity and energy consumption, and higher cost. A hybrid node barrier coverage method is put forward, and it is used for the monitoring area. Due to the energy problem and the random deployment problem of sensor nodes, the topology of wireless sensor network is easy to change, and there is a network cover void in the deployment area of ambassador point. The hybrid nodes in Voronoi are proposed to dynamically build the wireless sensor network barrier cover, which can discretize the continuous path problem domain. Simulation experiments show that, through constructing reference barrier line, the proposed algorithm can solve hole monitoring and repair. After comparing with other algorithms in different dimensions, it shows effective barrier coverage and meets the expected coverage requirements and objectives. 
